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MANUFACTURE OF SEMICONDUCTOR DEVICE 

(JP3382743) 

PURPOSE: To prevent short circuit between a gate electrode and a source.drain region, in a salicide 
method. 

CONSTITUTION: After a side wall 209 of a silicon nitride film is formed on the side surface of a 
protruding pattern composed of a gate oxide film 204, a polycrystalline silicon gate electrode 205 
and a! PSG film pattern 206, the PSG film pattern 206 is eliminated, and the side wall 209 which 
protrudes higher than the polycrystalline silicon gate electrode 205 is left. A titanium film 211 is 
deposited, heat treatment at 450-550 deg.C is performed for 5-10 minutes by using a heating 
furnace, and a silicide layer 212 is formed on the surface of the polycrystalline silicon gate electrode 
205 and the surface of a source.drain region. In this case, the side wall 209 protruding higher than 
the polycrystalline silicon gate electrode 205 restrains the short circuit between the source.drain 
region and the gate electrode in a silicification process. 
COPYRIGHT: (C)1996,JPO 

(57) [Claim(s)] 

[Claim 1] The manufacture approach of the semiconductor device characterized by including (C) 
from the following processes (A). 

(A) After forming gate dielectric film in the component formation field of a semi-conductor substrate 
and forming a polycrystal silicone film on it, The process which carries out the ion implantation of 
the refractory metal to the polycrystal silicone film, patternizes the polycrystal silicone film by 
which the ion implantation was carried out, and forms a gate electrode, (B) Form an insulator layer 
on the substrate front face containing a gate electrode, and anisotropic etching is performed to the 
insulator layer. The refractory metal film is formed on the process which leaves the insulator layer 
only to the side of a gate electrode, and the substrate front face containing (C) gate electrode. The 
process which removes except the silicide-ized part of the refractory metal film by etching after 
silicide-izing said refractory metal film which heat-treated and is in contact with the polycrystal 
silicone f ilm of semi-conductor substrate silicon and a gate electrode. 

[Claim 2] The manufacture approach of a semiconductor device according to claim 1 that the 
refractory metal film and the refractory metal by which an ion implantation is carried out are 
molybdenum, a tantalum, a tungsten, or titanium. 

[Claim 3] The manufacture approach of a semiconductor device according to claim 1 that the 
refractory metal by which an ion implantation is carried out is titanium. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the manufacture approach of the 
semiconductor device equipped with the gate electrode and source drain field which were 
silicide-ized about the manufacture approach of an MOS mold semiconductor device. 
[0002] 



J [Description of the Prior Art] A semiconductor device is integrated highly, a pattern follows on being 
made detailed, and low resistance-ization of a gate electrode is demanded. The approach of 
considering as the approach of forming a gate electrode into low resistance, and silicide-izing a gate 
electrode by SALICIDE (Self-Aligned Silicide) technique is learned. 

[0003] Drawing 2 shows the process which silicide-izes a gate electrode and a source drain field 
using the SALICIDE process. 

(A) Form the polycrystal silicone film 103 formed into low resistance by gate oxide 102 and impurity 
installation on a silicon substrate 101, deposit silicon oxide on the substrate containing a gate 
electrode, give etchback to the oxide film, and form a sidewall 104 in a gate electrode side face. 
[0004] (B) Next, make the electrode material metal membrane 105 deposit on the whole surface. 

(C) Then, by heat-treating, carry out counter diffusion between a source drain field and the 
polycrystal silicone film 103, and a metal membrane 105, and form the silicide layer 106. 

(D) If etching removes metal membranes 105 other than silicide layer 106, the silicide-ized source 
drain field and the silicide-ized gate electrode will be obtained. 

[0005] In case a silicide layer is formed in a gate electrode by the approach of drawing 2 , when the 
high impurity concentration of the polycrystal silicone film 103 is large, it is known that a 
silicide-ized reaction rate will become slow. Therefore, if the heating processing time was 
lengthened in order to form the silicide layer of sufficient thickness for a gate electrode, diffusion of 
the silicon from a source drain field takes place also into the metal membrane on a sidewall 104, it 
happens that between a source drain field and gate electrodes connects too hastily, and it is made 
difficult to form a gate electrode into low resistance more. 

[0006] then, after form a metal membrane 105 at the process of (B) of drawing 2 , by pour silicon ion 
only into the metal membrane of a gate electrode section selectively using a convergence ion beam, 
the silicide layer of thickness sufficient on a gate electrode by the short heating processing time be 
form, and the approach of prevent the short circuit between a source drain field and a gate electrode 
be propose (refer to JP,4-57095,B). 
[0007] 

[Problem(s) to be Solved by the Invention] By the approach of an illustration, in order to pour in 
silicon ion only on the metal membrane of a gate electrode section, the convergence ion beam is used. 
However, even if pouring ion into the gate electrode made detailed with a sufficient precision 
controls a convergence ion beam and it came for precision to be able to improve an ion implantation 
a technically difficult top, for processing the whole surface of the wafer to enlarge, long duration 
will be required dramatically, and the problem of not being practical will arise. This invention is the 
approach of forming a silicide layer in a gate electrode and a source drain field by the SALICIDE 
method, and while preventing the short circuit between a source drain field and a gate electrode, it 
aims at enabling it to process by practical time amount. 
[0008] 

[Means for Solving the Problem] This invention contains (C) from the following processes (A). (A) 
After forming gate dielectric film in the component formation field of a semi-conductor substrate 
and forming a polycrystal silicone film on it, The process which carries out the ion implantation of 



N -' the refractory metal to the polycrystal silicone film, patternizes the polycrystal silicone film by 
which the ion implantation was carried out, and forms a gate electrode, (B) Form an insulator layer 
on the substrate front face containing a gate electrode, and anisotropic etching is performed to the 
insulator layer. The refractory metal film is formed on the process which leaves the insulator layer 
only to the side of a gate electrode, and the substrate front face containing (C) gate electrode. The 
• process which removes except the silicide-ized part of the refractory metal film by etching after 
silicide-izing said refractory metal film which heat-treated and is in contact with the polycrystal 
silicone film of semi-conductor substrate silicon and a gate electrode. 

[0009] Here, it is desirable that they are molybdenum, a tantalum, a tungsten, or titanium as 
refractory metal film. It is because these refractory metal film is easy to remove by wet etching. 
Molybdenum, a tantalum, a tungsten, or titanium can be used also as a refractory metal by which 
an ion implantation is carried out. Among these, if titanium with the smallest mass number is used, 
the easy equipment as an ion-implantation machine can be used, and it is convenient. 
[0010] 

[Example] Drawing 1 explains one example. 

(A) Form field oxide 403 on a channel stopper field by the selective oxidation method after carrying 
out the ion implantation of the boron which is a P type impurity to the P type silicon substrate 401 
selectively and forming the channel stopper field 402. Then, the thermal oxidation film 404 which 
performs thermal oxidation processing and turns into gate oxide on the front face of the silicon 
substrate 401 of a component formation field is grown up into the thickness of about lOnm. The 
thickness of about 500nm is made to deposit on the whole surface the polycrystal silicone film 405 
which contained the impurity on it. 

[0011] Then, the titanium which is a refractory metal is poured into the polycrystal silicone film 405. 
The impregnation conditions at this time are the energy of 10-30KeV, and a dose is 5x1015 to 
5xl016-/cm2. By using as titanium the refractory metal which carries out an ion implantation to 
the polycrystal silicone film 405, since mass is comparatively light, titanium has the advantage 
which does not need a special impregnation machine. However, the refractory metal which carries 
out an ion implantation to the polycrystal silicone film 405 is replaced with titanium, and it is good 
also as molybdenum, a tantalum, or a tungsten. 

[0012] (B) Patternize the polycrystal silicone film 405 and gate oxide 404 by photoengraving process 
and etching, and form the convex pattern used as a gate electrode. By using the convex pattern and 
field oxide 403 as a mask, in order to form the low concentration field of the LDD (Lightly Doped 
Drain) structure of a source drain field, the ion implantation of Lynn which is an N type impurity is 
carried out to a silicon substrate 401. Impregnation energy is [ 85 - 95KeV and the dose of the 
ion-implantation conditions at this time ] 2.0x1013 to 2.5xl013-/cm2. 

[0013] (C) Next, heat-treat under an inert gas ambient atmosphere, activate Lynn injected into the 
silicon substrate 401, and form the N-field 406 where the junction depth is shallow, after 
heat-treating and forming about lOnm thermal oxidation film (graphic display abbreviation) on the 
exposed silicon substrate 401. Then, a CVD method is used for the whole surface and silicon oxide 
407 is deposited on the thickness of about lOOnm. 
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[0014] (D) Etch silicon oxide 407 by reactive ion etching, and make the sidewall 408 of silicon oxide 
remain on the side face of the convex pattern used as a gate electrode. Then, field oxide 403 is used 
as a mask at the convex pattern used as a gate electrode and the sidewall 408 of the silicon oxide of 
the side face, and a list, the ion implantation of the arsenic which is the impurity of N type is 
carried out to a silicon substrate 401, and the high-concentration N+ field 409 with junction deeper 
than the N-field 406 is formed. Impregnation energy is [ 45 - 55KeV and the dose of the 
ion-implantation conditions at this time ] 5x1015 to 6xl015-/cm2. 

[0015] (E) Next, deposit the titanium film 410 on the thickness of 50-100nm with means, such as 
the sputtering method, as a refractory metal which forms a silicide layer. 

[0016] (F) Then, heat-treat by the lamp annealing method for 10 - 30 seconds at the temperature of 
650-750 degrees C, make counter diffusion perform between silicon and the titanium film 410 on 
the front face of the polycrystal silicon-gate electrode 405, and a source drain field front face, and 
form the silicide layer 411. Next, the unreacted titanium film 410 is removed with the mixed liquor 
of being the etching reagent of titanium (aqueous ammonia + hydrogen-peroxide-solution + pure 
water). By this, the silicide layer 411 remains in a source drain field front face and a gate electrode 
surface. 

[0017] Even if it replaces with titanium as refractory metal film deposited in the example and uses 
molybdenum, a tantalum, or a tungsten, a silicide layer can be formed similarly. These refractory 
metals are easy to remove an unreacted metal membrane by wet etching. 
[0018] 

[Effect of the Invention] In this invention, since the refractory metal contains in the gate electrode, 
the delay of a silicide-ized reaction in polycrystalline silicon can be compensated and-izing can be 
carried out [ silicide ] for a short time, it can stop that between source drain fields connects with a 
gate electrode too hastily in a silicide layer. If titanium, molybdenum, a tantalum, or a tungsten is 
used as refractory metal film, the unreacted refractory metal film is easily removable by wet 
etching after a silicide chemically-modified degree. Since mass is comparatively light in the festival 
which carries out the ion implantation of the refractory metal to the polycrystal silicone film of a 
gate electrode, and its refractory metal which carries out an ion implantation, titanium, then 
titanium do not need a special impregnation machine. By this invention, except the process which 
patternizes a gate electrode, since the photoengraving-process process is not included, the 
increment in cost can be suppressed. 

[Brief Description of the Drawings] 

rDrawing 11 It is the process sectional view showing one example. 

rDrawing 2] It is the process sectional view showing the conventional Salicide approach. 
[Description of Notations] 
401 Silicon Substrate 

404 Gate Oxide 

405 Polycrystal Silicone Film 
408 Sidewall 



409 Silicon Oxide 

410 Titanium Film 

411 Silicide Layer 
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